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ABSTRACT 

The diffuse high energy galactic y radiation to be expected from eaamic- 
ray interactions with matter and photons is examined* Particular emphasis is 
placed on the Compton emission since work in this area is hindered by the 
limited knowledge of the galactic photon densities. Both the photon density 
in and near the visible region and that in the infrared region are deduced 
from the estimates of the emission functions throughout the Galaxy* The 
blackbody radiation is also Included in the estimate of the total Compton 
emission. The result suggests that the Y~ray Compton radiation from cosmic 
ray interactions with galactic visible end Infrared photons Is substantially 
larger than previously believed* The analysis of the energy spectra and 
latitude dependence shows further that the Compton radiation, the 
bremsstrahlung, and the nuclear cosmic ray, matter Interaction radiation 
should be separable by the study of appropriate energy Intervals and latitude 
regions, where there are no major point source contributions* The 
experimental results, even though limited, give encouragement that the basic 
concepts and assumptions are likely to be correct and the future y-ray results 
will be very helpful in defining galactic structure, determining the relative 
importance of cosmic-ray electrons In the galaxy, estimating the Intensity and 
pressure effects of cosmic rays In other parts of the galaxy, and aid. In 
conjunction with radio dc.ta. In determining the galactic photon density at 
least within a few kiloparsee, as well as setting limits In the galactic 
center region* 

Subject Headings: cosmic rays: general - galaxies: Milky Way - galaxies: 

structure - gamma rays: general 
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X. INTRODUCTION 

Thft diffuse high rnergy galactic ir*adX*tlon la generally believed to 
come largely from cosoJLe-ray interactions with mattet and photons. This 
radiation should thus have the potential of being a valuable probe of the 
nature of the galaiqr, particularly in view of the high penetrating potier of 
these photons. A high energy Y~ray may pass through the galactic plane from 
one side to the other with less than a IT chance of interacting. Even at 
present the limited y-ray data on the galactic diffuse radiation provide 
useful information for the study of the galaxy. The cosmic ray, matter 
interactions have been studied in some depth theoretically, but calculations 
of the Compton radiation from cosmic ray electrons have been hampered the 
limited knowledge of the galactic photon densities. It is the latter which 
shall receive the primary attention of this oaper, although some improvements 
in the calculation of y-ray production in cosmic ray, matter interactions, 
will also be considered. 

With the launch of the high energy (E > 35 HeV) y-ray satellites SAS-2 in 
1972 and COS-B in 1975, y-ray data (e.g. Fichtel et al. . 1975; Mayer- 
Hasselwander et al. . I960; Bartman, et al. , 1979) on the galactic plane became 
available in sufficient detail to stimulate attempts to understand their 
implications in terms of current concepts of the galactic structure and cosmic 
ray dynamics. Although information on the distribution of Interstellar atomic 
hydrogen had existed for some time. It >*as also in the 1970' s that the 2.6 mm 
observations of carbon monoxide (e.g. Scoville and Solomon, 1975, and Gordon 
and Burton, 1976) became available as a tracer of interstellar molecular 
hydrogen and Indicated the importance of this constituent In the Interstellar 
medium of the inner galaxy and, hence, in the production of the galactic 
y-i..dlatlon. There have been several attempts to predict the y-ray 


3 


dittrllnicioii to be expected fr«B the eoeale rey electcoM end tuieleone 
Interacting with Interstellar galactic atomic and aolecnlar hydrogen (e*g« 
Bignami and Fichte.'., 1974; Paul Casie, and Cesarsky, 1974; Schliekeiser and 
Thielhelm, 1974; Bign«ni et al>, 1S75; Paul, Caade, and (^sarsky, 1973; 

Stacker et al., 1973; Stacker, 1977; Puget et al*, 1976; Paul, Caale, and 
Cesarsky, 1976). These calculations have generally shown that the relative 
intensity distribution along the plane is about what would be expected and 
that the absolute intensity* is not unreasonable, although the observed 
intensity seems to be near the V'.gh side of the allowed range. The concept of 
cosmic-ray, matter coupling on the scale of galactic arms, as originally 
proposed by Bignami and Flchtel (1974) base<f on concepts developed earlier by 
Parker (1966 and 1969), in particular seems, generally, to give good 
agreement. 

Compton radiation may result from galactic cosmic ray electrons 
interacting with the 3*K blackbody radiation, photons in the optical range, 
and infrared photons. The Coiq>ton y-radlation due to the interaction of the 
cosmic ray electrons and the blackbody radiation can be computed in a 
straightforward manner, but is relatively small. For some time it has been 
recognised that there are contributions to the Compton radiation from galactic 
starlight and Infrared photons (e.g. Feenberg and Primakoff, 1949; Picclnotti 
and Bignami, 1976; Flchtel, Simpson, and Thompson, 1977; Steckec, 1977), but 
the past estimates have been very uncertain, and probably too small. An 
attempt is made in this paper to develop models for the infrared and visible 
photon distributions and use them to produce a better estimate of the Conqiton 
radiation. The results of these calculotions Indicate that these components 
are probably substantially more significant than previously believed. 
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With regard to the photon dlitrlhutlono» Boisod ot ol. (1981) have uood 
result* from e far-infrared survey of the odLlky way togethar with other 
information to deduce galactic infrared photon Mission functions and a 
spectrum. The same data and somewhat different assumptions to unfold the 
observed infrared spectrum are used here in part to demonstrate the 
sensitivity of the final result to the assumptions. From the emission 
functions galactic photon density distributions are calculated. Finally* the 
distribution of the expected Y**^ay emission and the y-radiatlon expected to be 
observed are calculated. A similar approach is used for the starlight photon 
density based on the stellar distribution models of Bahcall and Soneira (1980) 
for the distribution of galactic stellar populations. Fr<>m these* the Compton 
emission Is then determined. 

Ultimately* It would be very deslreable to be able to use Y'^^ay 
measurements directly to aid In the determination of the cosmic ray and photon 
distributions in the Inner galaxy. Unfortunately* at present Y-ray 
observations of sufficient statistical significance* angular accuracy, and 
energy resolution to allow a meaningful analysis of this type do not exist. 
However* the existing measurements are adequate to provide a useful guide when 
compared to the predictions of theory. It should also be mentioned that point 
sources make some contribution to the observed y radiation* but they are 
probably not a major contributor (See for example Cesarsky, 1980). 

The results of the calculations to be presented here predict not only the 
relative contributions to the Y'Tsdiation, but also the marked variations of 
the different components with energy and spatial distribution* especially 
latitude. As will be shown* these variations should ultimately permit the 
separation of Compton radiation from cosmic ray* matter Interaction Induced 
Y-raUatlon* and* separately* cosmic ray nucleon* matter Interactions from 
bremsstrahlung. 
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11. THE HODSL AMD CALCULATIONS 

In ordtr to ettimto tho intonoity «nd opoetrum of tho expected high 
energy geleetle y-redletlon, model* for the netter, eoemie reyi and photon 
dlstrihutlone must be chosen since bremsstrahlung, high ene'rgy cosmic ray 
nucleon interstellar natter interactions , and Compton interactions all make 
significant contributions. Since the cosmic ray electron intensity and 
spectrum are needed to perfurm the Compton radiation calculations and since 
the cosmic ray density is believed to be related to the galactic matter 
density on a broad scale, the cosmic ray and matter distributif u will be 
discussed first. 


a) Cosmic Ray and Hatter Distributions 
With regard to the matter distribution the relevant concern is the 
galactic diffuse matter in the form of atoms, molecules, ions, and dust with 
which cosmic rays interact. The difficult translation of the observations 
into a galactic spatial distribution has been studied extensively; however, a 
general spiral pattern on a broad scale (or at least spiral arm segments) does 
appear to emerge. The distribution of atomic hydrogen (e.g. Simonson, 1976), 
continuum radio emission (Landecker and Wielebinski, 1970; Price, 1974), HIT 
regions (Georgelin and Georgelln, 1976), supernova remnants (Clark and 
Caswell, 1976), Y~rsdiation (Bignami et al., 1975), pulsars (Seiradakis, 

1976), and infrared emission (Hayakawa et al., 1976) are all consistent with 
the existence of spiral structure in the galaxy. Although the atomic hydrogen 
density is thought to be reasonably well known from 21 cm measurements, the 
absolute intensity of molecular hydrogen is still quite uncertain. Gordon and 
Burton (1976) have estimated that the molecular hydrogen is dominant in the 
inner galaxy, and Solomon and Sanders (1980) have shown that it is largely 
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contained in giant clouda* From the Copamieus satellite data, Savage at al* 
(1977) estimate the fraction of the gas in molecular form locally to be about 
0.25 and possibly higher. Because of the difficulty in the interpretation of 
the observations and because CO observations for the southern half of the 
galautlc center region (the fourth quadrant) where the spiral ar«s appear most 
strongly in the 21 cm dats do not yet exist, it has not been clear whether 
molecular clouds are associated with spiral structure. However, on the basis 
of a very high sample survey and observations in both the first and secotvu 
quadrants of the galactic plane, Cohen et al. (1980) appear to have sho'm the 
existence of the molecular counterparts of the five 21 cm spiral arm segments 
in these regions of the galaxy, namely the Perseus arm, the Local arm, the 
Sagittarius arm, the Scutum arm, and the 4 kpc arm. 

The spiral model of Simonson (1976) used previously (Hartman et al., 

1979) will be used here also for consistency for both atomic and molecular 
hydrogen, but the characteristic arm width will be assumed to be 0.5 kpc 
rather than the larger one used previously and a 3:1 ratio for the arm to 
inner arm density will be used. This ratio implies that as much molecular 
hydrogen exists in the Interarm region as in the arm segment, since the arms 
are typically 2 kpc apart. The densities are chosen so that the average 
molecular hydrogen density as a function of galactic radius is consistent with 
the estimates of Gordon and Burton (1976) in the outer galaxy and two thirds 
of their estimate in the inner galaxy. The scale height of molecular hydrogen 
was taken to be SO pc (Gordon and Burton, 1976), as compared to UO pc for 
atomic hydrogen in the inner galaxy. 

The remaining relevant material in the interstellar medium is relatively 
small. Whereas ionized matter, grains, and dust are negligible from the 
standpoint of Y'ray production, except for the possibility of Y'tay lines from 
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•Interstellar grains^ hellua and heavier nuclei do make significant additions 
to the diffuse y-ray intensity* Although they represent oily about lOX and IZ 
of the hydrogen content respectively, the cross sections for y-ray production 
are large. These factors i.’>re included in the production functions* 

Combining the confinement lifetime of the cosmic ray nuclei, their 
velocity, and the average amount of matter traversed shove that the average 
density of matter seen by the nuclear cosmic rays is about 0*1 cm~^* Hence, 
they do not spend most of their time in the thin matter disk where the density 
is about 1 cm~^, but rather they must have a broader distribution relative tc 
the galactic plane. The nonthermal continuum radio emission, which is 
generally attributed to the synchrotron radiation from cosmic ray electrons 
interacting with the galactic magnetic fields (see for example Ginzburg and 
Syrovatskii, 196A, 1965), provides information about the high-energy cosmic 
ray electrons. Baldwin (1967, 1976) estimates the equivalent disk thickness 
for synchrotron emission to be about 750 pc, and some analyses have suggested 
that it is even larger. Both of these results are consistent with a cosmic 
ray scale height of about 1.0 kpc, and this value is adopted for this work. 

Little is known experimentally about the cosmic ray distribution in the 
plane of the galaxy. However, the high-energy y~ray data suggest that the 
cosmic ray density distribution is similar to that of the matter on a coarse 
scale in terms of the distribution in the galactic plane (see for example 
Flchtel et al. , 1975 and Hartman et al., 1979), and even support the concept 
of the cosmic ray density being greater in am segments, including the strong 
Interstellar matter feature about 5 kpc from the center. As noted earlier, 
the continuum radio emission, generally agreed to result from synchrotron 
radiation of cosmic ray electrons, appears to reflect the galactic spiral 


pattern. 
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8«v«ra.'. fundmcntal theoretical eonsideretlona place eonatralnta on the 
eoemle ray distribution* Voder the now generally accepted asaumptlon that the 
cosole rays and oagnetle fields are primarily galactic and not universal, 
these fields and cosmic rays can only be constrained to the galactic disk by 
the gravltlonal attraction of the natter (Cleman and Davis, 1960 and Parker 
1966, and 1969). Further, assuming the solar syst«D Is not at an unusu*! 
position In the galaxy, the cosmic ray density throughout the galaxy nay be as 
large as could be contained under near-equl librium conditions* These 
considerations and others lead to the hypothesis that the energy density of 
the cosmic rays Is larger where the matter density Is larger on a coarse scale 
such as that of the galactic arms* For a more detailed discussion of these 
considerations and the Y~rays production from cosmic ray, natter Interactions, 
see, for example, Rnlffen, Flchtel, and Thompson (1977) or Flchtel and Tronbka 
(1981)* It will be assumed here that the cosmic ray column density In the 
plane Is proportional to that of the matter on the scale of galactic arms; 
however, the cosmic ray scale height Is much larger, as noted earlier* 

(b) Galactic Photon Distributions 

There are three relevant photon distributions with which the oosmlc ray 
electrons interact* These are chose of the black body radiation, the 
Interstellar starlight In and near Che visible region, and the Interstellar 
Infrared region* The source function for the Compton radiation Is given by 
the equation 
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whara q la In Y“rayt cn”^ a"^ HaV“^, Op«6. 65x10“^® ca*, ppj, la tha low anargy 
photon danalty, e la tha photon anargy, la t^ alactron onargy» I, la In 
elaetrona cm”^ a*^ ater"*^ MaV“^, and la tha Y-ray anergy. Following tha 
work of Cane (1977) and Uabbar» Slapaont and Cana (1980) baaad on radio 
continuum and local coamlc ray iraaaunnantai f%«25 and r”2.14 for E^<2.5 GaV and 
K«4.3xl0^ and T >2.8 for E^>2.5 GaV. Particularly becauaa of aolar 
modulation, there la aome uncertainty In thaae parametera (e.g. Ceaaraky, 
1980), especially In the electron energy region most relevant for 
bremastrahlung (E;^00 MeV), and to a much leas extent In the region relevant 
for the stellar Compton emission (E,il 6eV). Por the electrons In the energy 
region relevant for blackbody radiation (l.e*, ^0.6x10^ CeV), the electron 
energy spectrum Itself la less well measured because of the lover Intensity, 
but there is no solar modulation 

For the blackbody radiation, the temperature was taken to be 2.7*K, and 
the photon density to be 0.25 eV/cm^. Defining Q as. 


^b 



q,, (Ey)**^. 


(3) 


and performing this integration gives values of Q for the blackbody radiation 
of 0.2x10”28 Y-rsys cm"^ s”^ for Ey>100 Me*’ and 0.33xl0"26 Y-rays ce"^ s"^ for 
35 MeV<Ey<100 MeV. 
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In ordtr to obtain tho Coopton anlstlon function ovor tho t*l«xy> It la 
neeesaary to know tha vlalbla and infrared photc: dsnaity diatributiona and 
apactra* Bolaaa at al. (1981) hava uaod raaulta of a homoganaoua fnr^infrarad 
aurvay of a portion of the galactic plane to daduea the voluiaa eaiaaivity for 
two different wavelength banda. They have alao noted that one of thaae banda 
appaara to have a diatribution repreaantative of the total infrared intanaity 
where comparlaona can be oada and, therefore, allowa them to deduce a total 
infrared volume emiaaivity. Their calculation waa done by dividing the plana 
into one klloparaec ringa. After repeating their calculation to verify tha 
coitputatlon, calculationa have been performed for thie work in idiich the plana 
waa divided into a apiral pattern uaing the model of Simonaon (1976). With 
these reaulta for the galactic plane and aaaumlng a acale height for the 
emiaaion function of 0.25 kiloparaeca, both of theae functiona were then 
Integrated over the galaxy to obtain the infrared photon denaity aa a function 
of position in the galaxy. The absorption effect in this instance is small. 
The results for both solutions in the galactic plans arc showu in Figure 1, 
and the agreement between the two approaches is seen to be close. The farther 
from the plane, the closer the agreement between the two approaches, as 
expected; therefore, only a set of values for one distribution, the one 
corresponding to the first quadrant assuming the existence of spiral arms, is 
shown in Table 1. That distribution for the photon density will be used 
henceforth, although the results arc not sensitive to the choice. 

' Notice that the photon densities in the inner galaxy are found to be 

r substantially larger than locally and that .be calculated Ivtcal density agrees 

with the observed local value, although the model based on simple rings gives 

: i 

/ a value a bit on the high side. No attempt was made to give an estimate for 

i 

!l<0.5 beesMe of the uncertainties in the observations and models in this 

i 
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\ 

\ 
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R<0.5 kpe bacauM of cha uneorcainelaa in tho obatrvatlona and nodolt In tbit 
region. It will bo seen that the high energy Y~ray date can set a limit on 
the product of the Infrared photon density aud the eoamle ray electron density 
In that region. Notice In Table I also that the photon density near the 
central part of the galaxy remains relatively high even at eome clstance away 
from the galactic plane; hence. It will be the cosmic ray distribution which 
will predominately detenrine the scale height ior r*ray emission. 

It Is di!?f Acult to determine the vlslKle starlight distribution in the 
galaxy observatlonally because of the high rate of absorption. In this work, 
the model adopted by Bahcall and Soneira (1980) Is used. This model In based 
in part on the observations In the solar neighborhood. Although there are 
three compont.nts In this model, the disk, a spheroid, end a massive halo, the 
disk component dominates for Y^ray production. As a result, the luminosity 
function decreases with heigh., above the plane approximately exponentially 
with a scale height of 250 pc and with galactocentric radius from the center 
exponentially with a scale length of 3.5 kpc. The locel value of the emission 
is 0.60x10“^^ eV cm“^ s“^, or 0.067 Lq pc“^. The photon density was then 
obtained as in the case or the galactic IR emission and the distribution is 
given in Table 2. 


III. Results and Discussion 

As the results of the calculations to be presented below will show, the 
relative contribution of the predicted Compton component varies markedly with 
latitude and energy, and somewhat less markedly with longitude. Although the 
parameters are at present uncertain, the Compton radiation from the Inner 
galaxy could account for a significant part of the total y-radlatlon. 
Inversely, the observed level of v-radiation can be viewed as settin? a 


12 


•Ignlfleant constraint on the product of the photon density and the cosmic ray 
electron density in the Inner galaiqr* 

a) The Latitude Distribution 

Th'‘ calculated contributions for the different y^ray Compton components 
and the cosmic ray, matter interaction y^radlation are shown in Figure 2a and 
2b for the energy intervals of 35 to 100 MeV and >100 MeV, and for the 
latitude Interval of 0* to 15** Beyond 10* the relative contributions remain 
about the same, or vary slowly. The dramatic difference between Che cosmic 
ray, matter Interaction radiation and the Compton radiation is due to the 
narrow width of Che galactic matter distribution relative to the photon 
distribution in conjunction with the radial dimensions of the galaxy. For 
example, at a distance of 10 kpc, a line of site vector reaches the e**^ point 
relative to the galactic plane for Compton radiation production at a galactic 
latitude of about 5* or 6*, whereas for cosmic ray, matter Interactions the 
T-ray production function falls to the e~^^ point at about 1/2*. Thus, whereas 
the latter dominates very strongly for very low galactic latitudes In both 
energy ranges shown In Figure 2, the Compton radiation dominates for all 
latitudes beyond several degrees in the lower of the two energy ranges. The 
exact spectra, of course, depend on the specific parameters which have been 
used, as well as the longitude. 

It has already been noted by Fichtel et al. (1975) that the experimental 
data related to the inner galaxy appear to be the sum of two distributions, 
one being broad and the other being similar to the detector resolution or 
less, as the model being discussed here would require. The existing 
experimental data from the SAS<*2 and COS-B experiments do not have sufficient 
angular resolution to allow an Immediate comparison; rather, the results shown 


13 


In Figure 2 vuet be Bultlglied by the resolution fttnctlon* for E>100 MeV, end 
Integrated. Onfortunstely, this nesns that much of the significance of the 
distribution In terms of what the experloMntal data night reveal will have to 
wait for future sxparlnautal results. Nonetheless » the comparison Is given In 
Figure 3 to shown there Is reasonable agreement. The er.cess observed in the 
6* to 20* range In latitude Is thought to be due to Gould's belt» a local 
galactic feature not Included In the general galactic model being discussed 
here. 

The latitude distributions of Figures 2a and 2b shws that» In the 
future, fray data with Improved angular resolution may be used to study the 
cosmic ray, matter, and cosmic ray, photon distributions Independently. For 
|b|<l* where the cosmic ray matter Interaction strongy dominates, the high 
energy y radiation clearly provides another approach to studying the galactic 
structure. At high latitudes It may be possible to obtain another independent 
estimate of the galactic photon density assuming a good estimate of the cosmic 
ray electron spectrum In the relevant energy region has been obtained from 
radio observation of the synchrotron radiation. 

b) The Energy Spectrum 

Figures 4a and 4b show the energy spectrum calculated for b*l/2* and 
b»I0*. Above b«10*, the spectrum will remain about the same. In Figure 5, 
the spectrum is shown for the Integral from b«-10* to b*4-10* averaged over the 
region 320* <t< 40* and compared to the experimental data from SAS->2 and 
COS-B. Clearly, the agreement between the theoretical curve and the data is 
good. However, It must also be noted that if the calculated T~ray bremsstrah* 
lung to cosmic ray nucleon, matter Interaction y~i^sdiation ratio is correct, 
the three energy spectra shown in Figures 4a, 4b, and 5 are very similar. 
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The variation of the relative eontritnitiona of the 4ifferent coopoaents 
with energy is apparent* Notice the narked difference of the eoamic ray 
nucleon spectrum from the others. The varietion with latitude is dramaticelly 
illustrated in the comparison of figures 4a and 4b which shows that whereas 
the cosmic ray matter interactions d<Msinate stronr^ly at b*l/2 in this picture* 
at b«I0” the Compr^'n component is strong. As noted earlier* for this model at 
all latitudes beyond 10”* the Compton components dominate at low energies. 
Also, since the Y**radiation from cosmic ray matter interactions will dominate 
strongly near b>C, these two components are separable in that region. 

In future y-ray investigations it will be valuable to examine carefully 
the energy spectrum for • l”<b<+l” to determine the spectral structure and* 
thereby* determine the relative contributions of the two cosmic ray matter 
components. This is an Important measurement* since the energy spectrum of 
the galactic electrons in the relevant energy range for bremsstrahlung (10 MeV 
to ~ 300 MeV) is not well known because of the need to correct for solar 
modulation. It appears that only an unexpectedly strong point source 
contribution could effect a definitive answer from these measurements. 

c) The Longitude Distribution 

The contributions of the three different Compton components as a function 
of longitude for the central region of the galaxy are shown in Figures 6a and 
6b for 35 MeV<E<100 MeV and E>100 MeV. The inner gala:qr is clearly seen* as 
has been noted before. Beyond the central longitude region* the Compton 
contributions are small. These intensities are shown together with the cosmic 
ray* matter contributions in Figure 7 and compared to the experimental data 
above 100 MeV. The contribution of the Compton radiation is relatively 
greater for the 35-100 MeV region; otherwise the distributions are similar* 
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and tha experimental data are less significant. The SAS-2 data were used 
rather than the CJ8-B data because, although they have less statistical 
significance, a normalised COS-B distribution has not yet been published. The 
published COS**B distribution when normalised to SAS**2, in general, shows a 
very good correspondence. The agreement of the calculations with the data in 
Figure 7 is generally good, reproducing most of the major features. The minor 
deviations, although not surprising in view of the uncertainties, are possibly 
interesting in terms of future study. For example, the observed excesses 
between 120” and 135” and 270” and 290” in galactic longitude may represent 
sources. Swanenburg et al. (1981) have reported two localised excesses in 
each of these regions in the data of COS-B. 


IV . Summary 

The results presented here based on the calculation of the photon 
densities deduced from current knowledge of galactic emission suggest that the 
y-ray Compton radiation from cosmic ray interactions with galactic visible and 
infrared photons is substantially larger than previously believed. An 
analysis of the energy spectra and latitude dependence shows further that the 
Compton radiation, the bremsstrahlung, and the nuclear cosmic ray, matter 
interaction radiation should be separable. The Compton radiation should 
dominate at energies in the 10 to 10^ MeV range at galactic latitudes greater 
than several degrees. The relative contributions of bremsstrahlung and 
nuclear cosmic ray matter interactions should be determinable free of major 
Compton contribution by studying the y-radiation for |bl<l”, in regions where 
there are no major point source contributions. The experimental results, even 
chough limited, give encouragement chat the basic concepts and assumptions are 
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likely CO be correct aod Chat Che future y-tty resulta will be very helpful in 
defining galactic etructuret determining the relative Importance of coamlc ray 
electrons In the galaxy, estimating the Intensity and pressure effects of 
cosmic rays In other parts of the galaxy, and aid. In conjuctlon with radio 
data, in determining the galactic photon density at least within a few 
klloparsee, as well as setting limits in the galactic center region. 


INFRARED PHOTON DENSITY IN EV CM 
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FIGURE CAPTIONS 


1. Infrared photon energy density as a function of galactic radius 
In the galactic plane based on the calculations decrlbed in the 
ter-t. 

2a. Gamma ray photon Intensity for 35 MeV<E^<100 MeV as a function 
of galactic latitude predicted by the model described in the 
text at the galactic longitude of 330”. 

2b. Gamma ray photon Intensity for Zy>100 MeV as a function of 

galactic latlt* de predicted hy tne model described In the text 
at the galact'' longitude of 330*. 

3. Comparison of experimental and predicated Y-ray (E>100 MeV) 

latitude dependence for -20*<b<20*. The theoretical calculation 
Includes the finite resolution of the observing Instrument, and 
hence, the distribution appears less narrow then those In 
Figures 2a and 2b. 

4a. The calculated y-ray energy spectra at b"0.5*, t"330* for 

bremsstrahlung, nuclear Interactions, and Compton radiation. 

4b. The calculated y~ray energy spectra at b*10*, i**330* for 
Compton, nuclear Interactions, and bremsstrahlung. 

5. A comparison of the observed irray spectrum to the calculated 
one for -I0*<b<10*, 320*<t<40*. 

6a. Calculated Compton y**ray Intensity (35 MeV<E.y<100 MeV) for 
blackbody, optical, and Infrared photons as a function of 
galactic longitude for -10*<b<10*. 

6b. Calculated Compton y-ray Intensity (E^lOO MeV) for blackbody, 
optical, and infrared photons as a function of longitude for 
-10*<b<10*. 

7. Comparison of the total calculated y-*ray Intensity as a function 
of galactic longitude compared to the experimental data for -10* 
< b < 10* and E^ > 100 MeV. 
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